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A STUDY OF THE VEGETATION OF THE MESA REGION 
EAST OF PIKE'S PEAK: THE BOUTELOUA FORMA- 

TION. 

I. STRUCTURE OF THE FORMATION. 

H. L. SHANTZ. 

(WITH MAP AND SEVEN FIGURES) 

THE region under consideration in this study lies at the base 
of Pike's Peak and north and west of Colorado Springs. It is the 
portion known as the Mesa and the Garden of the Gods and contains 
3200 to 4000 hectares (map). While my attention has been confined 
largely to this region, studies have been pushed out in all directions, 
and I have attempted to make myself familiar with the mountain 
and plains conditions of vegetation, as well as that of the area 
under consideration. Especial attention was given to the plains 
which extend eastward from the area first studied. 

METHODS. 

The methods used in the study of the structure and development 
of the vegetation, as well as in the study of the physical factors, are 
those used by CLEMENTS' in his ecological studies and need not 

be mentioned here. The exact methods have been supplemented 
by careful field notes and photographs. The greatest care was 
exercised in physical factor readings. The soil samples for the 
determination of water content were taken with a soil borer, which 
gave a column of soil reaching to a depth of i5m and about 2CM 

in diameter. 
Relative humidity readings were taken as near as possible to 

the surface, and also one meter above. A constant record of relative 
humidity was obtained by means of the hygrometer at Colorado 
City, and the isolated readings were compared with this record as 
well as with the record of the United States Weather Bureau at 
Colorado Springs. Temperature readings were taken in the soil 

I CLEMENTS, F. S., Research methods in ecology. Univ. Pub. Co., Lincoln, 
Neb. I905. 

Botanical Gazette, vol. 42] I-i6 
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at a depth of 15cm, at the surface of the soil, on the plant, at iocm 

above the soil, and finally im above the surface. A constant record 
was taken by means of a thermograph, and the records of the Weather 
Bureau were also made use of to check the results thus obtained. 
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MAP. 

In the measurement of light the writer has used the ordinary 
photometric method, but has used the standard derived from the 
candle power. Solio paper was exposed to a standard candle for 
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I5 hours at a distance of iocm. The Hefner-Alteneck lamp burning 
acetate of amyl was used as a standard. The diameter of the wick 
was 8mm and the height of the flame was 40mm. The shade pro- 
duced on the Solio paper was used as a standard and copied in per- 
manent colors. Strips of the same sheet of Solio used to make the 
standard were exposed and the time required to produce the standard 
tint recorded. This gave mathematical data and a very simple 
means of comparing light intensities. The light at the June solstice 
was about 4.5 seconds. All exposures were made parallel to the 
soil surface. 

In the diagnosis of the habitat I have given the figures found 
to apply during the time studied. Rainfall, temperature, wind, 
and humidity are averaged for four seasons. The data in water 
content are based on a single season's work, but on a great many 
readings. The data on non-available water were obtained by 
taking the soil samples at the time when the plants were dying. 
This water varies not only with the species, but also with the indi- 
vidual plants. The data as collected were largely at the time of 
the dying of Boebera pap posa, Salvia lanceolata, Helianthus annuus, 
Verbesina encelioides, and Solanum rostratum, mostly during the 
latter part of the aestival period; and these results are given in 
the other diagnoses, since at other times it was impossible under 
natural conditions to obtain such data. Available water is expressed 
in grams to ioo grams of dry soil. The duration of each aspect, 
as well as many of the factors which are definitely stated, varies frcm 
year to year. 

The species lists are arranged to give an idea of the relative impor- 
tance of the species under each heading, the most important species 
appearing first. The lists without the species in parentheses are 
for the Mesa region only. Important species of the formation which 
d) not occur in the Mesa region are included in parentheses. They 
will be taken up under the general discussion. In the lists impor- 
tant parasitic fungi always appear after the species upon which 
they occur. 

Within the formation the following are the terms applied to 
the plant associations: consocies, or areas which are dominated by 
a facies of the formation and which at all periods give the character- 
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istic stamp to the vegetation; societies, or minor divisions, char- 
acterized by principal species and dominant usually over smaller 
areas and only during the aspect in which they occur; comtmuni- 
ties, or smaller associations, usually of secondary species. 

GEOLOGY. 

The eastern base of the Rocky Mountains shows a great many 
rock systems which are upturned and all come to the surface in or 
near this region. Lying on the Archean granite, which forms the 
mountains at the west, is found a Cambrian red sandstone, gravel 
or lime. The Silurian or Manitou limestone lies next, followed by 
the reddish gray quartzite sandstone of the Carboniferous. East of 
this the Garden of the Gods is formed by the great red sandstone out- 
cr.Ip which is placed in the Permian or in the Triassic-authorities 
differ. The Jurassic, which lies next, is followed by the Cretaceous 
rock system, represented by the following epochs. The lowest is of 
the Dakota-the white sandstone ridge or hogback, and the great 
sandstone ledges. Lying next and buried in most places under 
the talus of the latter is the Benton shale. The most eastern of 
the series of hogbacks marks the outcrop of the Niobrara limestone. 
The Fort Pierre shale is found in many places east of the lime ridge 
and underlies the whole Mesa region. Lying above this is found 
the recent Quaternary deposit of gravel of granitic origin. 

The sedimentary deposits underlie the entire Great Plains region, 
but in most places are covered by the more recent wash from the 
mountains. For the geological development and structure of the 
Great Plains, as well as for a description of the topography and 
climate, the reader is referred to the exceedingly interesting publi- 
cation by JOHNSON.2 The following quotation from this source 

(p. 612) gives a very clear idea of the origin of the plains. 
The Great Plains are of such vast dimensions it is only in imagination that 

they can be regarded as a foot slope to the Rocky Mountains. However, in 
the sense that, superficially, ranging down to several hundred feet in depth, they 
have been built to a smooth surface by mountain waste, stream-spread to great 
distances, they have this character. At the base of the mountains the Plains 
mass has a thickness, to sea level, of several thousand feet. It is made up in 

2 JOHNSON, WV. D., The high plains and their utilization. Ann. Rept. U. S. 
Geol. Survey 2I4: 60I-74I. i899-i900. 
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the main of marine-rock sheets with a general inclination eastward, due to broad 
regional tilting, in which the plains and mountains have shared together. 

But the present surface grade of the Plains is not that of the original tilting. 
The surface has undergone a series of transformations. These have all been 
accomplished by the eastward-flowing streams from the mountains. In a first 
stage the mountain streams, traversing the Plains, cut into the smooth structural 
slope, and produced a topography of parallel broad valleys and ridges. In 
a second stage they ceased to cut, depositing instead, and refilling the valleys 

FIG. i.-Gully on the east side of the Mesa; alternation between thicket and grass 
formation. 

they had excavated, even burying the intervening ridges, to a smooth upper 
surface. The original surface was a product of deformation, the second of a 
destructive process of stream erosion, the third a product of stream deposit and 
construction, involving the spreading of a waste sheet to great distances and a 
uniform level, and to a depth over the greater valleys often of several hundred feet. 
In the final and present stage, virtually the same streams have returned to the 
earlier destructive habit, and erosion has in large part carried away the high 
level plain of stream construction. About midway of the long slope, in the 
north-south irregular belt, large uneroded fragments of the smooth constructional 
plain remain. As we have seen above, these fragments constitute the High Plains. 
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PHYSIOGRAPHY AND SOILS. 

The exposure of the Mesa is southeast, the grade being about 
i8m to the km. The northwest portion, which is the highest, has an 
elevation of I8891'. On the east and south sides of this Mesa the 
water has cut deep gullies (fig. 1), which appear older on the south than 
on the east, the slope being more gradual and the soil more stable. 
The cast side of the Mcsa is bounded by a low region largely of 
clay sand, which slopes gradually to Monument Creek. On the 
north side there is a less elevated region which, however, does not 
differ markedly from the Mesa itself. On the west side is Camp 
Creek, which has cut down into the Fort Pierre clay. 

The soil of the Mesa is a gravel mixed with a limited amount 
of clay and humus. The gullies and edges of the Mesa are made 
up of Ft. Picrrc clay, which is in places mixed to some extent with 
the Quaternary gravel which lies above it. 

CLIMATE. 

RainJall.-The greatest amount of rain is during the growing 
season, the fall and winter, as a rule, receiving very little. As a 
result the vegetation is not protected in the least by snow during 
winter, nor is there a sufficient amount of water to retard the evapo- 
ration from the aerial parts of the plant. There is, as a rule, con- 
siderable rain during the summer months from May to September, 
but often the rainy season is much shorter, covering, as it did in 
1903, only June, July, and August. The rainfall is about 32 to 
43cm, but because of the unequal distribution throughout the year, 
this affords a rather luxuriant summer growth. This seasonal 
variation in rainfall is best illustrated by the following table, which 
gives the rainfall in centimeters. 

Year Jan. Feb. March April N May June July Aug. Sept. Oct. Nov. Dec. Total 

1901 0.15 0.17 2.97 4.67 9.52 . ... .... 5.68 5*58 1.24 0.02 0.45 ..... 

1902 0.20 0.35 I.01 2.07 13.28 3.96 4.21 6.83 j 40 0.38 0.05 0.55 33.29 

1903 0.15 1.77 0.93 2.41 1.57 12.95 1.07 6.29 1.52 o.86 2.03 O.63 32.18 

1904 0.27 0.48 o.i5 o.58 10.46 9.86 7 .87 | 6. 35 5.25 0.67 Trace 1.14 43.o8 

There is also a daily variation in rainfall which is of some impor- 
tance to the plant. The relative humidity, of course, is much higher 
during the night than it is during the day, and on this account rain 
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which falls in the afternoon and leaves the ground wet at night 
sinks into the soil and does the plant much more good than dces 
that which is followed by a clear sky and rapid evaporation. 

A study of the rainfall record shows that much more rain falls 
during the afternoon than during the forenoon. During the months 
of May, June, July, and August, I904, 72 per cent. of the rain fell 
in the afternoon; while 7I per cent. of the hours during which rain 
was falling were in the afternoon. The sunshine record (fig. 6) also 
makes this plain. 

Relative humidity.-A deposit of dew is extremely rare. The 
relative humidity therefore seldom reaches ioo per cent. except 
during showers. During the day it is generally low, often being 
as low as i per cent.; on account of this, rain or snow is soon evapo- 
rated. The relative humidity is especially low during winter when 
there is little rain and when during the day the temperature often 
rises to i60-200 C. The following table gives the relative humid- 
ity for each month of the year I904; and fig. 2 illustrates the daily 
variation. 

AM ~~~~~6 PM 6' 

FIG. 2.-Daily variation in relative humidity. 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

Maximum .... go 89 IOO 100 IOO 94 9o 95 100 IOO 89 100 
Minimum .... I 8 6 I I I I2 9 2 1 13 1I 12 5 
Average .... 47 41 42 44 55 54 5I 55 44 52 43 49 

Wind.-The chief importance of wind is its effect upon the trans- 
piration of the plant and upon the water content of the scil. The 
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following are the velocities in hm. per hour for the different months 
of the year I904: Jan. 4.6; Feb. 3.3; Mar. 5.7; Apr. 6.og; May 

4.7; June 3.7; July 3.5; Aug. 3.2; Sept. 3.7; Oct. 3.8; Nov. 
4.04; Dec. 4.3. 

Temperature.-Extremes in temperature do not occur. The 
summer temperature is seldom above 32' C., and the winter tem- 
perature is seldom - i8? C. The maximum temperature recorded 
during the four years I90I--4 was 36.6 C., and the minimum for 
the same period - 28.3 C. The following temperatures are for 
the year I904. 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. I Nov. Dec. 

Maximum. 17.7 2I.6 20.5 22.8 |25.5 28.3 31.6 29.4 28.3 23.3 19.3 i 8.8 
Minimum -i8.3 -i8.3 -14.4 -9.a -I.I 2. 7 6. I 7. 2 5 -I5.5 5 .5 -20.5 
Mean .. - 2.8 2.2 3. 9 7 - 7 11.5 I4.9 i8.2 I9.5 17.3 9.4 5.1 0. 2 

The mean temperature is derived from the daily maximum and 
minimum. The daily variation may best be shown by curves from 
the thermograph (fig. 3). 

FIG. 3.-Daily variation in temperature. 

A comparison of these curves will show clearly how much greater 
is the daily range in winter than in summer. The curve for Jan- 
uary I2, I90i, rises higher than the typical winter curve, but is other- 
wise normal. 

A series of curves showing the variation in temperature between 
the soil, soil surface, plant surface, iocm above the soil surface, and 
im above will serve to show how different are the conditions of 
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temperature under which the plant lives from those ordinarily 
recorded (fig. 4). At the top of the figure is given the sunshine 

S NLI.HT T 7m 
LIGHT INTEN 4.Ty V70 .20 teprt7 at dfe levels. 

water content was 3m th 

ON PL~ NT 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~S P TH 8S OpE 

FIG. 4.-Variation inl temperature at different levels. 

record, together with the light intensity for each hour of the day. 
The water content was determined twice, as recorded in the figure. 
The plant surface temperature record was taken on a mat of 
Bouteloua oligostachya, and the quadrat was situated on a south 
slope. 

The extreme conditions at the surface of the soil may account 
to some extent for the dying of the lower stem leaves, so often noted 
among perennials as well as annuals. 

Simultaneous readings on north, south, east, and west slopes 
give the curves for soil and soil surface temperatures shown in fig. 5. 
The water content was recorded twice in each quadrat and is also 
given in the figure; curves of soil temperature are given at the bot- 
tom of the figure. Some idea of the temperature at the various 
levels may be obtained by comparing these curves with these of 

fig. 4. The readings shown by figs. 4 and 5 are simultaneous. 
Light.-The sunshine records taken show 5I to 8o per cent. of 

possible sunshine. The difference between possible sunshine for 
the forenoon and afternoon is seven to nine hours per month during 



g906] SHANTZ-VEGETATION OF THE MUESA 25 

~ .IV 70 2 7 S s ss / o . 
INT isly 10 20 6 If Y96 Y*'f 3 t 3f S,6 

IN SECONOS 0.2 49 7 

WATER 

FIG. 5.-Variation in temperature and light intensity on different slopes. 

the period of growth. This is due to the mountains which shorten 
the period of illumination for the afternoon. The rains and cloudy 

L~~~~~~~~~~~J ~ ~ ~ J 

7 0 U T F 6.-Sunshine record. 

FIG- .-Varato FIn .6 tepeaurandsihtn inenstyoord.rntsops 
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sky occur most frequently during the afternoon, which on this account 
also receives much less sun than does the forenoon. The record 
for sunshine for June and July 1904 makes this clear (fig. 6). 

The difference in the light received by the east and west slopes, 
together with the resulting differences in temperature, relative 
humidity, and water content, is of importance in explaining the 
vegetation of these exposures. 

The Bouteloua (grama grass) formation. 

This formation occupies practically the whole Mesa region and 
the low land surrounding it. It extends for many miles north, 
south, and east, but no attempt has been made to determine its 
limits. It seems to be the formation most typical of the high plains 
and extends eastward far into western Kansas and Nebraska. 

The season of growth may be divided into two periods: the 
vernal, or in this case the spring and early summer period; and 
the aestival, or late summer and autumn period. Each cf these 
grand periods may be divided into two periods: the first into the 
prevernal and vernal, the second into the aestival and autumnal. 

PREVERNAL ASPECT. 

Habitat.-Phvsical and available water content very low. Rain- 
fall o.48-2.43cm (April I904, 4.68cm); av. daily, o.oo8cm. Rela- 
tive humidity: mean, 44 per cent.; range i-ioo per cent. Wind 
6.o9hm per hour. Temperature: mean 7?2 C.; mean max. I4?4 C.; 
mean min. o0 C.; range -II?I to 250 C.; soil, I30 C. Light dura- 
tion 66 per cent., exposure varied, cover open, soil clay to gravel. 
Duration April. 

PRINCIPAL SPECIES: Leucrocrinum montanum Nutt., Townsendia exscapa 
(Richards) Porter, Pulsatilla hirsutissima (Pursh) Britton. 

SECONDARY SPECIES: Cymopterus acaulis (Pursh) Rydb., Phellopterus 
montanus Nutt. 

The winter conditions are xerophytic, there being very little 
rain and seldom a snow cover. The mean relative humidity is 
low-40 to 50 per cent., and sometimes falling as low as i per cent. 
The temperature in winter rarely falls below - i80 C. and often rises 
above i6? C. The records show 56 per cent. of possible sunshine, 



i906] SHANTZ- VEGETATION OF THE MESA 27 

and the surface of the soil rises to a temperature much higher than 
that of the air. 

To understand and explain the appearance of the vernal and 
prevernal flora it is necessary to take into account the winter 
condition. The water content is low at the time of the appearance 
of the first flowers. The north slopes have a higher percentage of 
water than the other exposures, and although the temperature is 
lower it is here that the greatest number of spring flowers are pro- 
duced. Only very resistant species seem to be able to survive the 
long dry winter and produce flowers in the spring on the south 
slopes. The high temperature which the soil of this exposure reaches 
during the winter would surely start growth at a period when 
such development would be disastrous to the life of the plant. 
This probably explains the abundance of the north slope vernal 
flora and the paucity of the south slope flora during the same 
period. 

Before the spring rains have begun, at the end of the long dry 
period, this prevernal flora makes its appearance. These plants 
are never very abundant on the Mesa proper, but appear in great 
numbers on the hillsides. In each case the flowers appear either 
without any foliage or with very little. 

The most prominent society of this period is the Pulsatilla si-ci- 
etv characterized by P. hirsutissima. Its distribution within the 
region studied is limited to the north slopes and it is never found on 
the south slopes. The plants are often very numerous and consti- 
tute almost the only growing vegetation of this period; forming a 
zone along the north and east slopes of the Mesa which is only inter- 
rupted at places of south or southern exposure. 

Leucocrinum montanum forms a society which is less exclusive 
than the former and is at the same time less distinct. It reaches 
its maximum development on north crests, but may occur in almost 
any situation except the south exposure. Over the greater part 
of the Mesa L. montanurn is mingled with Townsendia exscapa, 
and these two plants constitute the only vegetation of the Mesa top 
at this period. 

Cymopterus acaulis and Phellopterus montanus seldom form 
communities. In their distribution they show a marked alternation, 
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C. acaulis occurring on the slopes and crests, usually in the gravelly 
loam, while P. montanus is limited to the clay of the lowland. 

The flowers of these species are produced early and are short- 
lived, most of the foliage being produced after the flowers and con- 
tinuing during the rainy vernal period, after which the surface parts 
disappear and the living parts lie buried until the following spring. 

VERNAL ASPECT. 

Habitat.-Physical water: in clay 13-I7 per cent.; in gravelly 
loam 4.5-9 per cent. Non-available water: in clay 8.5-IO per 
cent.; in gravel I.5-2 .5 per cent. Available water: in clay 5.6- 
9.3g' to ioogm of dry soil; in gravel 3.2-7.2gm. Rainfall I2.7- 

27.9cm; av. daily 0.3cm. Relative humidity: mean 54 per cent.; 
range ii-ioo per cent. Wind 5 .33 hm per hour. Temperature: 
mean I4?4 C.; mean max. 20'5 C.; mean min. 6?4 C.; range - 2.2 

- 344 C.; soil I2-250 C.; soil surface to 490 C. Light duration 
67 per cent. Exposure varied, cover open, soil clay to gravel. Dura- 
tion May i to July I5. 

PRINCIPAL SPECIES: Senecio oblanceolatus Rydb., (Thelesperma inter- 
medium Rydb.), Yucca glauca Nutt., Kellermannia yuccogena Ell. & Ev., 
Pleospora phragmospora Dur. & Mont., Astragalus Drummondii Doug]., Pent- 
stemon angustifolius Pursh, P. secundiflorus Benth., (Opuntia polyacantha Haw.), 
(Carex stenophylla Wahl.), (Puccinia caracena DC.), Astragalus bisulcatus 
(Hook.) Gray, Euphorbia robusta (Engelm.) Small, Uromyces scutellatus 
(Schrank) Lev., Echinocereus viridiflorus Engelm., Arenaria Fendleri Gray, 
Sophora sericea Nutt., Uromyces hyalinus Pk., (Oreocarya suffruticosa [Torr.] 
Greene), (Ipomoea leptophylla Torr.). 

SECONDARY SPECIES: Lesquerella montana (Gray) Wats., Tetraneuris 
glabriuscula Rydb., Aragallus Lambertii (Pursh) Greene, (Astragalus mol- 
lissimus Torr.), Astragalus crassicarpus Nutt., Lappula occidentalis (XWats.) 
Greene, Allium reticulatum Don, Oreocarya thyrsiflora Greene, Euphorbia 
glyptosperma Engelm., Hymenopappus cinereus Rydb., Thalesia fasciculata 
(Nutt.) Britton, Mertensia linearis Greene, Pentstemon Jamesii Benth., Erio- 
gonum alatum Torr., Cactus viviparus Nutt., Malvastrum coccineum (Pursh) 
Gray, Cheiranthus arkansanus (Nutt.) Greene, Anogra coronopifolia (T. & G.) 
Britton, Gaura coccinea Pursh, Euphorbia serpyllifolia Pers., Tradescantia 
scopulorum Rose, Thelesperma gracile (Torr.) Gray, Astragalus Shortianus 
Nutt., Nothocalais cuspidata (Pursh) Greene, Erigeron pumilus Nutt., E. flagel- 
laris Gray, E. glandulosus Porter, E. canus Gray, Carex filifolia Nutt., C. penn- 
sylvanica Lam., Vicia americana Muhl., Aecidium porosum Pk., Quincula 
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lobata (Torr.) Raf., Leucolene ericoides (Torr.) Greene, Meriolix serrulata 
(Nutt.) Walp., Lithospermum linearifolium Goldie, Anogra albicaulis (Pursh) 
Britton, Poa longipeduncula Scribn., Salvia lanceolata Willd., Gaura parvi- 
flora Dougl., Hedeoma nana (Torr.) Greene, Antennaria imbricate A. Nels., 
Evolvulus pilosus Nutt., Thelesperma intermedium Rydb., Sitanion elymoides 
(Torr.) Greene, Oreocarya suffruticosa (Torr.) Greene. 

The vernal period, with which the prevernal is sometimes more 
or less blended, is ushered in by the spring rains and usually extends 
from about the first of May to the middle of July. The water content 
is higher at this period than any other, as is also the relative humid- 
ity. Extreme temperatures are not recorded, and the conditions for 
growth are more favorable than at any other time during the year. 

This aspect is marked by the appearance of a great number of 
seedlings and by many showy flowering plants. The floral display 
is almost entirely of perennial plants. The earliest species generally 
appear on the north slopes or north crests, a position protected 
from the high temperature and excessive loss of water during the 
winter period. 

Societies. 

Senecio oblanceolatus society.-This society is by far the most 
important of the vernal period. It reaches its maximum develop- 
ment in the large gullies on the south side of the Mesa, but the species 
is distributed over practically the whole area. 

Yucca glauca society (fig. 7).-This species is one of the mcst con- 
spicuous plants of the Mesa region and in many places becomes 
dominant for this aspect. Since the plant is perennial, it is at all 
times one of the most characteristic of this part of the formation. 
Species of secondary importance in this society are Senecio 
oblanceolatus, Euphorbia robusta, Lesquerella montana, Echinocereus 
viridiflorus, and Mertensia linearis. This society is found on the 
gravelly soil, often on crests and slopes where the water content is 
especially low. 

Pentstemon angustijolius society.-On crests in the south part 
of the Mesa this society reaches its best development. Here the 
species dominates areas of many square meters, almost to the exclu- 
sion of any other species. The chief secondary species of this society 
are Lesquerella montana and Echinocereus viridiflorus. 
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Euphorbia robusta society.-This society occurs on most of the 
hilltops and over rather large areas of the north Mesa. E. robusta 
is less dominant than the controlling species of the societies already 
mentioned. Echinocereus viridiflorus is in point of numbers more 
abundant but it is comparatively a very inconspicuous plant. Sen- 
ecio oblanceolatus is not dominant in this society, but ranks second 
in importance to Euphorbia robusta; the society very naturally 

FIG. 7.-Typical Mesa: Bouteloua formation; Yucca glauca society. 

grading into the Senecio oblanceolatus society almost imperceptibly. 
Secondary species are Lesquerella montana, Yucca glauca, Oreocarya 
thyrsiflora, Aragallus Lambertii, Mertensia linearis, and Erigeron 
pumilus. The soil is a coarse, gravelly loam; water content 6-9 per 
cent. 

Arenaria Fendleri society.-On crests in coarse gravel or gravelly 
loam, where the water content is low, this society is found. A.- 
Fendleri is dominant, but many other species help to make up 
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the society. Among the more prominent secondary species are 
Tetraneuris glabriuscula, Oreocarya thyrsiflora, Hymenopappus 
cinereus, Meriolix serrulata, Pentstemon angustijolius, Trades- 
cantia scopulorum, and Lithospermum linearis. 

Pentstemon secundiflorus society.-No species of this aspect is 
more dominant than is P. secundiflorus. On the crests of the east 
and north sides of the Mesa it forms an extensive society. Les- 
querella montana, Echinocereus viridiflorus, and Evolvulus pilosus 
are secondary species. 

Astragalus bisulcatus society.-In the clay on the south, east, 
and west sides of the Mesa, large clumps of this species are very 
conspicuous at this time of the year. Its maximum development 
is at the bottom or near the bottom of the hillsides. It usually 
occurs alone, but we may also find it associated with Sophora service, 
Quincula lobata, Lappula occidentalis, Allium reticulatum, Mal- 
vastrum coccineum, and Euphorbia glyptosperma. 

Astragalus Drummondii society.-This is an especially promi- 
nent society on north and west slopes, occupying about the same 
relative position as the A. bisulcatus society, but more extensive. 

Sophora sericea society.-Although badly affected with Uroymces 
hyalinus, this species becomes the dominant plant in the clay draws 
of the south Mesa. The chief secondary species associated with 
it are Lappula occidentalis, Alliun reticulatum, Malvastrum cocci- 
neum, and Quincula lobata. 

Communities. 

Among the secondary species are found a number which form 
communities. These are generally of limited extent, but are of 
species which are widely scattered throughout the formation. The 
following are the more important communities: Tetraneuris glab- 
riuscula, on crests; Lap pula occidentalis, in semiruderal situations; 
Erigeron flageolaris, at the base of north and west slopes, or on the 
north and west sides of clumps of oak which have entered from the 
foothill thicket formation; E. glandulosus, on north crests; Carex 
fili/olia, on portions of the north Mesa and west slopes; Quincula 
lobata, in clay; Opuntia polyacantha, either in clay, or on the gravel 
crests; Leucolene ericoides, on south crests and slopes and other 
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xerophytic situations; Pentstemon Jamesii, on clay knolls in the 
gullies of the south Mesa; Malvastrum coccineum, in semiruderal 
situations; Gaura coccinea and Thelesperma gracile, on open coarse 
gravel of north Mesa; Poa longipeduncula, on north slopes; Salvia 
lanceolata, in semiruderal situations; and A ntennaria imbricata, 
on northwest and rarely northeast slopes. 

Most of these communities are closed and contain very few if 
any other species belonging to this aspect. Any of the species 
which form societies will also be found to form communities; in 
fact some of the societies are merely associations of communities. 

General. 

The chief societies of the Mesa top are the Yucca glauca (fig. 6) 
and the Senecio oblanceolatus societies. These become more or less 
mixed in places on the north Mesa. In many places there is formed 
a mixed society which varies greatly and can only be regarded as 
a society made up by mixing the other societies and by the addition 
of widely distributed secondary species. The Mesa top contains 
besides the two prominent societies mentioned above, a society 
marked by Euphorbia robus/a. These three societies alternate, 
the last named occurring on the north part, the more open part of 
the formation, in gravelly loam, where the water content is from 
6-io per cent. The Yucca glauca society occupies a somewhat more 
humid region-the crests and Mesa top, especially where the soil 
is a rocky, gravelly loam, with water content from 7-I2 per cent. 
The Senecio oblanceolatus society reaches its maximum development 
in the gullies, where the loam has a water content of IO-I5 per cent. 

In addition to these well-marked societies, the following plants 
occur in varying numbers over practically the whole Mesa top: 
Lesquerella montana, Pentstemon angus/if olius, Aragallus Lamber/ji, 
Astragalus crassicar pus, Oreocarya thyrsi/lora, Erigeron purnilus, E. 
cans, Astragalus Shor/ianus, and Mer/ensia linearis. Any or all 
of these species may occur in the societies noted above. 

The gravel crests with a water content of from 4.5-9 per cent. 
are the most xerophytic situations in the formation; and here are 
found several societies that alternate. Most of the crests of the 
north and east sides of the Mesa are occupied by the Pentstemon 
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secundiflorus society; the crests of the south Mesa by the P. angusti- 
jolius society; and the west crests in either situation or on the west 
side by the Arenaria Fendleri society. The alternation between 
the first two societies is very marked and may be explained partly 
by the facts of development. P. secundifiorus occurs on soil that 
is less disintegrated, on coarse gravel, or coarse gravelly loam. P. 
angustijolius occurs in older gravelly loam, where the water content 
is from 2-4 per cent higher; it seems to be more at home on the 
plains, while P. secundiflorus thrives best in the foothill region. These 
societies also alternate with the Arenaria Fendleri society. 

There are in this aspect no well-developed societies on the hill- 
sides. The flora of the slopes however, is rather rich and varied. 
Practically all of the societies are represented here and one may 
also find many of the secondary species. Crest forms are especially 
abundant on the south and east slopes. 

The alternation between the Astragalus bisulcatus society and 
the A. Drummondii society is partly due to the difference in soil. 
A. bisulcatus occurs in clay and is best developed on south and west 
exposures, usually at the base of the hills. North and west exposures 
are the most suitable for A. Drummondii, which likewise occurs 
at the base of the hills. 

On the lower land surrounding the Mesa the flora is largely 
of the Astragalus bisulcatus society and of the Sophora sericea society, 
together with the following communities: Lappula occidentalis, 
Q uincula lobata, Opuntia polyacantha, Malvastrum coccineum, and 
Salvia lanceolata. This vegetation is in the Ft. Pierre clay, a heavy 
soil with a water content of 13-17 per cent., 8-io per cent. of which 
is not available. 

As seen by this arrangement, there is zonation exhibited by 
these societies. This, however, is not very well marked, and the 
alternation within the zones is much more distinct than the zones 
themselves. 

The reason for this alternation within the formation is to be found 
in the physical nature of the soil. The soil of the Mesa is a gravel, 
mixed with a limited amount of humus and silt, or even clay, and 
is derived entirely from partly decomposed granite and plant remains. 
The soil is pervious and there is consequently very little run-off, 
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except during very heavy rains. The total water content varies 
with the soil composition from 5-I4 per cent., and all but 2-4 per 
cent. is available to the plant. The crests are of a much looser 
soil, almost pure gravel in places, but generally mixed with clay and 
silt. The water content here is from 3-4 per cent. lower than on 
the Mesa top and the formation is much more open. The clay is 
closely packed and a large percentage of water which falls runs off. 
The water content is usually less than i7 per cent. and is often as 
low as I3 per cent., while the non-available water seems to vary 
with the plant and the slight differences in the amount of foreign 
substances in the clay from 8. 5-IO per cent. After a rain the soil 
is easily baked to form a hard crust, and when the soil becomes 
dry, especially during winter, it cracks open to a considerable 
depth. 

The preference which certain plants show for north and west 

slopes is easily explained by a glance at the sunshine record for June 
and July. The morning sun heats the east slopes, and as it rises 
higher the south slope is strongly heated. This hastens transpira- 
tion and water loss. The afternoon is cloudy and very likely rainy. 
The west slope is consequently not strongly illuminated, the soil 
temperature is from 2-50 C. lower than on the east and south slopes, 
and the water content is from I . 5-5 per cent. higher. It is the least 
xerophytic of any situation in the formation. 

AESTIVAL ASPECT. 

Habitat.-Physical water: in clay IO-I3 per cent.; in gravel 
2.5-4.5 per cent. Non-available water: in clay 8.5-10 per cent.; 
in gravel I .5-2.5 per cent. Available water: in clay 2.3-3.8gm 

to ioogn, of dry soil; in gravel i-2.Igm to ioogm. Rainfall 7.59- 

i0cm; av. daily o.I37cm. Relative humidity: mean 5I per cent.; 
range 9-ioo per cent. Wind 4. 354hm per hour. Temperature: 
mean i8. 8? C.; mean max. 250 C.; mean min. IO . 5? C.; range 2.70- 

36.6? C.; soil I8-290 C.; soil surface to 55? C. Light duration 55 
per cent. Exposure varied, cover open, soil clay to gravel. Dura- 
tion July I5 to September I5. 

FACIES: Bouteloua oligostachya (Nutt.) Torr., B. hirsuta Lag., (Andropogon 
scoparius Mich.), (A. furcatus Muhl.), (Calamovilfa longifolia [Hook.] Hack.), 
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Muhlenbergia gracillima Torr., Agropyrum occidentale Scrib., (Koeleria cris- 
tata [L.] Pers.). 

PRINCIPAL SPECIES: Artemisia frigida Willd., (Thelesperma intermedium 
Rydb.), (Schedonnardus paniculatus [Nutt.] Trel.), Gutierrezia Sarothrae 
(Pursh) Britt. & Rusby, (Grindelia squarrosa [Pursh] Dunal), Chrysopsis 
villosa (Pursh) Nutt., (Eriogonum annuum Nutt.), (Artemisia canadensis 
Michx.), Lupinus argenteus Pursh), (Carduus plattensis Rydb.), Aristida 
longiseta Steud., Psoralea tenuiflora Pursh., Aecidium psoralea Pk., Boebera 
papposa (Vent.) Rydb., Plantago Purshii R. & S., (Selaginella densa Rydb.), 
(Eriogonum effusum Nutt.), (Sporobolus cryptandrus [Torr.] Gray), (Eriogonum 
annuum Nutt.) 

SECONDARY SPECIES: Oreocarya thyrsiflora Greene, Petalostemon oligo- 
phyllus (Torr.) Rydb., P. purpureus (Vent.) Rydb., Euphorbia glyptosperma 
Engelm., Thelesperma gracile (Torr.) Gray, Gaura coccinea Pursh, Tetra- 
neuris glabriuscula Rydb., Malvastrum coccineum (Pursh) Gray, Atheropogon 
curtipendulus (Michx.) Fourn., Sideranthus spinulosus (Nutt.) Sweet, Lacini- 
aria punctata (Hook.) Kuntze, Eriogonum Jamesii Benth., Munroa squarrosa 
(Nutt.) Torr., Euphorbia serpyllifolia Pers., Chenopodium leptophyllum (Moq.) 
Nutt., Mentzelia nuda (Pursh) Torr. & Gray, Argemone intermedia Sweet, Phy- 
salis comata Rydb., Atriplex argentea Nutt., Potentilla pennsylvanica L., Asclepias 
pumila (Gray)Vail, Bouteloua prostrate Lag., Helianthus pumilus Nutt., Sitanion 
elymoides Raf., Muhlenbergia gracilis Trin., Artemisia gnaphalodes Nutt., Stipa 
comata Trin. & Rupr., Stipa Vaseyi Scrib., Allionia linearis Pursh, Artemisia 
canadensis Michx., Leucolene ericoides (Torr.) Greene, Picradeniopsis oppositi- 
folia (Nutt.) Rydb., Hedeoma nana (Torr.) Greene, Stipa neo-mexicana (Thurb.) 
Scrib., Chenopodium oblongifolium Wats., Anogra coronopifolia (T. & G.) 
Britton, Leptilon canadense (L.) Britton, Helianthus annuus L., Andropogon 
furcatus Muhl., Solanum rostratum Dunal, Ptiloria ramosa Rydb., Cheno- 
podium album L., Helianthus petiolaris Nutt., Quincula lobata (Torr.) Raf., 
Grindelia squarrosa nuda (Wood) Gray, Carduus undulatus Nutt., Carduus 
plattensis Rydb., Gaura parviflora Dougl., Potentilla coloradensis Rydb., Eri- 
ogonum alatum Torr., Euphorbia stictospora Engelm., Mentzelia decapetala 
(Pursh) Urban & Gilg, Andropogon scoparius Michx. 

An increase in temperature, a decrease in rainfall and relative 

humidity, together with the resulting decrease in water content 

of the soil mark the appearance of the aestival period. The per- 

centage of water in the soil is for this period 10-13 per cent. for 

clay and 2.5-4.5 per cent. for gravel. 

This aspect is characterized by the flowering of most of the annual 

species and by the predominance of the grasses and composites. 

The facies of the formation are the dominant species of this aspect 



36 BOTANICAL GAZETTE [JULY 

and in consequence the principal species are less conspicuous than 
during the vernal period. 

Consocies. 

Consocies or areas dominated by the facies of the formation 
will be discussed later, and need only be mentioned here. 

Botteloua oligostachya consocies.-This consocies is almost as 
extensive as is the formation, for this species is by far the most abun- 
dant of any found in the region studied. A discussion of the con- 
socies is practically a discussion of the typical grama grass formation 
and will be taken up later. The highest development of this con- 
socies is on the Mesa top, where the water content of this period 
in the gravelly loam is 4-8 per cent. 

Bouteloua hirsute consocies.-This consocies occupies a more 
xerophytic habitat, where the water content is 2. 5-4. 5 per cent. 
It occurs on the crests and on the north portion of the Mesa in the 
gravelly soil. With this plant are generally associated Artemisia 
frigida, Atheropogon curtipendulus, Aristida longiseta, Bouteloua 
oligostachya, Gutierrezia Sarothrae, and many crest species. Condi- 
tions here are the most xerophytic of any situation in the habitat. 

Muhlenbergia gracillima consocies. This consocies is character- 
istic of the clay flats where it reaches its best development. It is 
not uncommon to find places which are dominated by this species 
almost to the exclusion of everything else. As a rule, however, 
one finds here Bouteloua oligostachya, Schedonnardus paniculatus, 
Artemisia frigida, Gutierrezia Sarothrae, Munroa squarrosa, Boebera 
papposa, Plantago Purshii, Picradeniopsis oppositijolia, Euphorbia 
glyptosperma, Argemone intermedia, A triplex argentea, Agropyron 
occidentale, Malvastrum coccineum, and many other secondary 
species. The habitat is xerophytic, in clay or loam where the water 
content varies with the soil composition from I7-13 per cent.; the 
available water being from 2-3. 5gm per moogm of dry soil. 

Agropyron occidentale consocies.-This is not so important in the 
Mesa region as it is farther east. It occurs, however, in the clay, 
and here is usually associated with Muhienbergia gracillima, Boute- 
loua oligostachya, B. prostrate, and Atriplex argentea. 
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Societies. 

Arlemisia frigida societly.-This is by far the most important 
society of the region. It occurs at the heads of the gullies and on 
the more depressed places of the north Mesa. It is also important 
on alluvial fans and areas where there has been a secondary suc- 
cession. Where this species is abundant, as a rule it shuts out all 
other plants with the exception of the taller species, such as Argemone 
intermedia and Slipa Vaseyi. This society can be distinguished 
for miles because of the silvery appearance of the plant, which is 
so widely distributed over the entire Mesa that it would be considered 
a facies of the formation if it were not for the fact that more extended 
study shows it to be local in its distribution. 

Gutierrezia Sarothrae society.-This composite is rather evenly 
distributed over the Mesa region, but it can never be said to replace 
the grasses which are characteristic of the formation. It does dom- 
inate rather large areas, however, particularly in the southern part 
of the Mesa, where it is found associated with many of the character- 
istic plants of the Mesa top. It does not occur so commonly in 
the purer gravel soil as in the clay and gravelly loam. 

Chrysopsis villosa society.-This society is of considerable impor- 
tance on the north portion of the Mesa, where it occurs in the Bou- 
*teloua hirsuta consocies. 

The Aristida longiseta society is not extensive, but dominates 
south and east crests and slopes. The Psoralea tenuiflora society 
is extensive, reaching its best development on the hillsides. 

The rainy vernal period favors the development of a number of 
annuals which come into bloom at this time. The most important 
of these is Boebera papposa, which has a very even distribution 
throughout the region studied. It occurs as a ruderal plant, usually 
from 4-iocm high and bearing very often only one head. In point of 
numbers it probably exceeds all but the facies of the formation. 
However, it succeeds best as a ruderal, and in the formation the small 
plants may be as numerous as 996 per quadrat and still not be espe- 
cially noticeable. Wherever there are open spaces in the formation, 
this society is found. 

Plantago Purshii also occurs as an important annual in the forma- 
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tion. It is also successful as a ruderal, but at places within the 
formation may become far more numerous than any other species. 

Communities. 

The following communities also occur: Schedonnardus panicu- 
latus, near the mountain and in clay; Atheropogon curtipendulus, 
on north slopes; Sideranthus spinulosus, on south slopes and crests; 
Atriplex argentea, in ruderal clay; Bouteloua prostrate, in clay south 
of the Mesa, also in ruderal or semiruderal habitats; Sitanion ely- 
moides, on south slopes; Muhlenbergia gracilis, on north slopes;. 
Artemisia canadensis, on north and west slopes; Leucolene ericoides,, 
crests and xerophytic places; Andropogon jurcatus, on north Mesa 
in gravel; Andropogon scoparius, on gravel crests; Thelespermac 
gracile and Gaura coccinea continue from the previous aspect. 

Within this area there is one family of Oonopsis joliosa (Gray) 
Greene, which is about three years old and has spread to occupy 
25sqm 

General. 

In considering the aestival aspect as a whole, much is found 
that will be discussed under the formation. Zonation during this 
aspect is shown as in the preceding aspect. The Mesa top is domi-- 
nated by the typical formation-Bouteloua oligostachya consocies- 
the crests by the B. hirsute consocies, the hillsides by the typical 
formation tending towards the B. hirsuta consocies, and the low 
lands surrounding either by the typical formation or by this alter- 
nating with the Muhlenbergia gracillima or Andropogon occidental 
consocies. 

This zonation is largely due to differences in water content.. 
The Mesa top and the slopes have nearly the same water content, 
there being about 2-3gm of available water; the crests have a less- 
amount, I-2gm; while at the base, in the clay, the available water 
is from 2. 3-3. 8gm. 

The greater part of the Mesa top is occupied by the Bouteloua 
oligostachya consocies. Almost any of the other species noted 
under this aspect, whether they are primary or secondary, may be 
found associated with B. oligostachya. The most noticeable forms 
found on the Mesa at this time are B. oligostachya, Muhlenbergia 
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gracillima, Bouteloua hirsuta, Artemisia frigida, Gutierrezia Sar- 
othrae, Boebera papposa, Oreocarya thyrsiflora, Chrysopsis villosa, 
Schedonnardus paniculatus, Petalostemon oligophyllus, P. purpureus, 
Psoralea tenuiflora, Thelesperma gracile, Gaura coccinea. Euphorbia 
glyp/osperma, Atheropogon curtipendulus, Sideranthus spinulosus, 
Lacinaria punccata, Eriogonum Jamesii, E. effusum, A sclepias 
pumila, Helianthus pumilus, Sitanion elymoides, Ar/emisia gnaph- 
alodes, Castilieia integra, Erigonum alatum, Pentstemon unilateralis, 
Stipa Vaseyi, and Euphorbia stictospora. 

Besides the typical formation, the north Mesa is occupied by 
the Bouteloua hirsuta consocies. In this consocies the following 
groups occur: the Chrysopsis villosa society occupying rather lim- 
ited areas, low crests, and south slopes; and the following com- 
munities: Sideranthus spinulosus, Artemisia gnapha/odes, Andro- 
pogon Jurcatus, and A. scoparius. 

The crests are the most xerophytic and are occupied by the Boute- 
loua hirsuta consocies. This may alternate, however, with the 
B. oligostachya consocies. Occurring within the former consocies 
are often found the Gutierrezia Sarothae, Chrysopsis villosa, and the 
Aristida longiseta societies, as well as the following communities: 
Si/anion elymoides, Muhlenbergia gracilis, Artemisia gnaphalodes, 
Andropogon scoparius, and Tetraneuris glabriuscula. The following 
plants are also abundant on these crests: Oreocarya thyrsiflora, 
Cheno podium leptophyllum, Stipa comata, and S. neo-mexicana. 

The hillsides and slopes have usually about the same vegetation 
as the Mesa top, but the crest forms may be more abundant. 

Passing to the lowlands, the Bouteloua oligostachya consocies 
is found alternating with the Muhlenbergia gracillima consocies 
and also the Andropogon occidentale consocies. The chief societies 
of the Bouteloua oligostachya consocies are the Gutierrezia Sarothrae 
and Artemisia jrigida societies. In the Muhlenbergia consocies 
are found the Bouteloua prostrata and Atriplex argentea communities. 

Marked alternations sometimes occur between secondary species. 
Petalostemon oligophyllus occurs on south and east slopes, and P. 
purpureus on north and west slopes, where the water content is 
from 1-2 per cent. higher; Muhlenbergia gracile, Koeleria cristata, 
and Potentilla pennsylvanica are usually found on north slopes; 
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while Aristida longiseta, Sitanion elymoides, Stipa comata, S. neo- 
mnexicana, Physalis comata, and Ptilora ramosa are found on south 
slopes and crests. 

AUTUMNAL ASPECT. 

J-.abitat.-Physical water: in clay 8.5-IO per cent.; in gravel 
I .5-2 .5 per cent. Non-available water: in clay 8.5-10 per cent.; 
in gravel I .5-2 .5 per cent. Available water: none in surface soil. 
Rainfall I . 62-4 .o3cm; av. daily .006cm. Relative humidity: mean 
49 per cent.; range I 2-IOO per cent. Wind 4. 66hn per hour. Tem- 
perature: mean ii.60C.; mean max. i8.80C.; mean min. 2.70C.; 

range -5.55-27 .2C.; soil I8-250C.; soil surface to 40'C. Light 
duration 6o per cent. Exposure varied, cover open, soil clay to 
gravel. Duration September I5 to November i. 

PRINCIPAL SPECIES: Artemisia frigida Willd., Gutierrezia Sarothrae (Pursh) 
Britt. & Rusby, (Grindelia squarrosa [Pursh] Dunal), Senecio spartioides Torr. 
& Gray, Chrysopsis villosa (Pursh) Nutt., Chrysothamnus graveolens (Nutt.) 
Greene. 

SECONDARY SPECIES: Lacinaria punctata (Hook.) Kuntze, Oreocarya 
thyrsifloria Greene, Eriogonum Jamesii Benth., Aster polycephalus Rydb., 
Machaeranthera cichoriacea Greene, Tetraneuris glabriuscula Rydb., Munroa 
squarrosa (Nutt.) Torr., Petalostemon purpureus (Vent.) Rydb., P. oligophyllus 
(Torr.) Rydb., Artemisia canadensis Michx., A. gnaphalodes Nutt., Grindelia 
squarrosa (Pursh) Dunal, Leptilon canadense (L.) Britton, Machaeranthera 
viscosa Nutt., Chrysothamnus plattensis Greene, Grindelia squarrosa nuda 
(Wood) Gray, Eurotia lariata (Pursh) Moq. 

During the month of August the rainfall decreases markedly, 
and is only slight during September. The temperature at this time 
is as high as at any time during the year, and the result is the rapid 
loss of water by the soil. Although there is still 8-io per cent. of 
water in clay and I . 5-2 . 5 per cent. in gravel, it is doubtful if there 
is any available water in the surface soil. 

Although many plants continue to bloom, vegetative growth is 
practically stopped for all annuals and greatly decreased for peren- 
nials. There must still be some available water, hut all the annual 
plants which would ordinarily continue to grow and bloom if sup- 
plied with only a limited amount of water, have dried up at the 
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beginning of this period. The grasses are dried, and although 
they are still a prominent part of the vegetation, they are not a living 
part. It is an exceedingly xerophytic time, and the plants which 
are found in this aspect appear throughout the vernal and aestival 
periods and are now only blooming and ripening their seeds. 

Artemisia frigida and Muhlenbergia gracillinia continue to occupy 
a most important place. Senecio spartioides forms in places an 
extensive society; while the Gutierrezia Sarothrae society is even 
more noticeable than during the aestival period. Chrysothamnus 
graveolens, a large shrubby composite, forms a small society within 
this region, but farther east occupies larger areas; it is one of the 
most showy plants of this aspect. Aster polycephalus and Machae- 
ranthera cichoriacea form rather extensive communities in the more 
open parts of the formation. Chrysopsis villosa, Lacinaria punctata, 
Oreocarya thyrsi/lora, Eriogonum Jamesii, Tetraneuris glabriuscula, 
Petalostemon oligophyllus, P. purpureus, Aristida longiseta, Grin- 
delia squarrosa, G. squarrosa nuda, Artemnisia canadensis, and A. 
gnaphalodes have continued from the preceding period. 

The end of this period is not well marked. The plants are dry 
and resistant, and although frost kills the plants which have a more 
liberal supply of water, some of these species may continue to bloom 
as late as December io. During this late period Senecio oblanceo- 
latus, Argemone intermedia, Lesquerella montana, and a number 
of other species form rosettes which continue throughout the winter. 

Structure of the formation as illustrated by typical quadrats. 

Passing now from the aspects to the formation as a whole, the 
structure may be illustrated best by a number of permanent quad- 
rats. Those species which form mats cannot be well represented 
in numbers per square meter, and on this account the percentage 
of surface covered is given instead. The numbers which are also 
given for these species indicate single plants or seedlings. An esti- 
mate is also given of the total amount of surface covered by plant 
growth. 

The following quadrat is typical of the Bouteloua otigostachya 
consocies-the most typical portion of the Bouteloua formation. 
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Bouteloua oligostachya ... . I34 22% .. Senecio spartioides................ 4 
Muhlenbergia gracillima ... 5 7% Sideranthus spinulosus ............ 12 

Artemisia frigida .......... 6 5% Boebera papposa ............... 8i 

Senecio oblanceolatus ...... 9 Plantago Purshii.2 
Aristida longiseta .......... I Polygonum aviculare ....... ..... I 

Astragalus Shortianus ...... I Townsendia exscapa ............. I 
Schedonnardus paniculatus. I Bryum argenteum. 
Chrysopsis villosa .......... I Total surface covered ....... . 42% 

Water content: vernal period 8-I3%; aestival 6-8%; autumnal 5-6%. 
Soil, gravelly loam. 

The most important difference in the habitat is in water content, 
the other factors being practically the same as given under the aspects 
of the formation. 

The following quadrats are also typical of the Bouteloua oligos- 
tachya consocies, but represent this consocies as modified by the 
occurrence within it of societies. 

Bouteloua oligostachya . 47% 7 Euphorbia stictospora ............ 9 
Artemisia frigida. 4.5% Boebera papposa ............... 996 
Anogra coronopifolia. 2I Anogra albicaulis ............... 2 

Senecio oblanceolatus ..i Total surface covered..........56% 
Water content: vernal period 6-I2%; aestival 46%; autumnal 3-4%. 

Soil, fine gravelly loam. 

A quadrat within a Gutierrezst Sarothrae society: 

Bouteloua oligostachya . i.. . i68 Eriogonum effusum. 5 
Gutierrezia Sarothrae ...... 22 Boebera papposa. 5 
Artemisia frigida .......... 0 Malvastrum coccineum. 6 
Sideranthus spinulosus.... . i8 

Water content: vernal period 7-I5%; aestival 4-7%; autumnal 2-4%. 
Soil, coarse gravelly loam mixed with lime. 

The following quadrat will serve to illustrate a portion interme- 
diate between the Bouteloua oligostachya consocies and the Muhlen- 
bergia gracillima consocies. 

Muhlenbergia gracillima .. 20 33% Boebera papposa .. ............ 36 
Bouteloua oligostachya.... 24 I2% 7o Atheropogon curtipendulus . I 
Sideranthus spinulosus.. 3 Allionia linearis . I 

Malvastrum coccineum.... 5 Echinocereus viridiflorus . I 

Artemisia frigida .......... 2 Total surface covered. . 47%6 
Water content: vernal period 8-I4%; aestival 6-8%; autumnal 5-6%. 

Soil, loam. 



1906] SHANTZ-VEGETATION OF THE MESA 43 

Muihlenbergia gracillima consocies.-This consocies covers the 
greater part of the lower land, particularly that south of the Mesa. 
The following quadrat is typical. 

Muhlenbergia gracillima ....... 46% Boebera papposa .............. .. 25 

Schedonnardus paniculatus.... 6% Plantago Purshii.9 
Bouteloua oligostachya ........ I% Senecio oblanceolatus ............. I 
Artemisia frigida ......... I9 I.5% Hedeoma nana .................. I 

Munroa squarrosa ........ I Salvia lanceolata.................. I 
Gutierrezia Sarothrae .....9 Euphorbia glyptosperma ........... I 

Picradeniopsis oppositifolia 3 Total surface covered . 56% 
Water content: vernal period 9-I4%; aestival 7-9%70; autumnal 5-77.- 

Soil, loam. 

This consocies should also show Opuntia polyacantha, Stipa 
Vaseyi, Argemone intermedia, Senecio spartioides, Verbena brac- 
teosa, Atriplex argentea, Malvastrum coccineum, Astragalus cras- 
siccarpus, A. bisulcatus, Sophora sericea, Quinculata lobata, Agropy- 
ron occidentale, and many others. 

In places Muhlenbergia gracillima is even more dominant 
than in the quadrat given above, but as one passes to the higher 
ground it gives way gradually to Bouteloua oligostachya. 

Bouteloua hirsute consocies.-This consocies is best developed 
on the crests and over the north portion of the Mesa. A quadrat 
best illustrates the structure. 

Bouteloua hirsuta .......... 95 I7% Sideranthus spinulosus . ........... 7 
Artemisia frigida . ...... 4% Oreocarya thyrsiflora . . 6 
Atheropogon curtipendulus I.5% Lacinaria punctata .. . . 4 
Aristida longiseta .......... 4 i% Gaura coccinea . . 3 
Andropogon scoparius ...... .5% Euphorbia robusta. 2 

Bouteloua oligostachya.... . .3% Senecio spartioides. I 

Thelesperma gracile ........ I6 Astragalus Shortianus .I 
Echinocereus viridiflorus . 8 Pentstemon secundiflorus .I 

Senecio oblanceolatus ...... 7 Total surface covered. 32% 

Water content: vernal period 4.5-9%; aestival 2 .5-4.5%; autumnal I.5- 

2.50%. Soil, coarse gravelly loam. This quadrat also illustrates the structure 
of the vernal Euphorbia robusta society. 

While Bouteloua hirsuta is predominant in this consocies, many 
other species are important. Muhlenbergia gracillima is sometimes 
present; Aristida longiseta and Sitanion elymoides are sometimes 
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very important; Andropogon furcatus, Yucca glauca, Erigeron 
pmilts, and E. camis are often present. 

The physical conditions of this consocies are not essentially 
different from those of the typical formation, except that the looser, 
gravelly soil contains less water. It is the most xerophytic of all 
the consocies. The following crest quadrat from the south part 
of the MV/esa also illustrates this consocies. 
Bouteloua hirsuta ......... 35 Io% Artemisia frigida ................. 2 
Bouteloua oligostachya .. . 34 3% 7 Senecio oblanceolatus ............. 2 
Aristida longiseta ......... 8 I.5% Gaura coccinea.... . I 

Atheropogon curtipendulus 30 .5% O6 Oreocarya thyrsiflora .I 
Gutierrezia Sarothrae ..... 7 Echinocereus viridiflorus.. I 
Senecio spartioides...... . 3 Lecanora subfusca allophana*.. 20 

Pentstemon angustifolius.. 3 Total surface covered.. 23% 
* Small crusts-a remnant of the more primitive lichen formation. 

\\Tater content: vernal period 6-Io%; aestival 4-6%7,; autumnal 2. 5-4. 

Soil, very coarse gravelly loam. 

Societies of the Bouteloua hirsuta consocies: Pentstemron secundi- 
florus society found on crests of the north or east part of the Mesa. 
The following quadrat is typical: 
Pentstemon secundi- Evolvulus pilosa. . 7 

florus, (8I in bloom). 14I Sideranthus spinulosus . . 6 
Artemisia frigida ....... 7% Echinocereus viridiflorus.. 2 

Bouteloua hirsuta .......... 65 Mentzelia nuda.. 4 
Lesquerella montana (seed- Portulaca oleracea .I 

lings) .................. 40 Total surface covered..... . 24% 

Boebera papposa .......... 8 
Water content: vernal period 4.5-9%; aestival 2.5-4.5%; autumnal r.5- 

2.5%. Soil, coarse gravelly loam. 

Pentstemon angustifolius society.-While Pentstemon angusti- 
jolius does not form so dense an association as P. secundiflorus, the 
spikes are much larger, and it is therefore very prominent in certain 
areas. The following quadrat is typical; 
Bouteloua hirsuta .......... I7 20% Artemisia canadensis . . 2 

Pentstemon angustifolius ... I4 (5%) Eriogonum Jamesii . ......... I 
Aristida longiseta . ..... I% Thelesperma gracile .............. i 

Chrysopsis villosa .......... 8 Boebera papposa . . 4 
Allionia linearis ........... 5 Euphorbia stictospora . . 4 
Echinocereus viridiflorus . 2 Total surface covered. .28% 

*Gutierrezia Sarothrae ...... 2 
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Water content: vernal period, 6-I2%; aestival 4-6%; autumnal 2-4%. 

Soil, coarse gravelly loam. 

This society belongs to the vernal aspect and alternates markedly 
with the above-mentioned society. So distinct is this alternation, 

that on adjacent crests these societies may occur with no mixing 

of the dominant species. It occupies the south and west crests of 

the Mesa. The species is widely distributed over the top of the 

Mesa, but seldom becomes dominant. 

The following quadrat is taken from a community of Leucolene 
ericoides: 
Leucolene ericoides .............. 78 Eriogonum Jamesii .............. I 
Bouteloua hirsuta............... . 53 Psoralea tenuiflora ............... I 
Aristida longiseta ............... I3 Allionia linearis ................. I 
Eriogonum effusum .............. 3 Chenopodium leptophyllum....... I 

The Agropyron occidental consocies is not as well developed in 

this region as elsewhere, but the following quadrat will show the 
structure. This quadrat is taken from a community of Boitteloua 
prostala. 
Bouteloua prostrate..... . . 352 Salvia lanceolata..................ii 

Agropyron occidentale........... . 2i6 Polygonum aviculare ............. Io 
Bouteloua oligostachya ........... 47 Picradeniopsis oppositifolia .......9 
Boebera papposa ...............1 23 Quincula lobata ................. 4 
Verbesina encelioides.............io8 Salsola Tragus .................. 2 

Gutierrezia Sarothrae ............ 23 

Water content: vernal period I3-17%; aestival i0-i3%; autumnal 8.5- 
Io%. Soil, clay. 

General discussion. 

While the vegetation of the Mesa is typical of the high plains, 
it does not show all of the structure that is at once apparent upon 

the examination of a larger area. On the Great Plains lying east, 
this formation is everywhere in evidence. By far the most important 
species is Bouteloua oligostachya-the dominant species of the forma- 
tion. That part of the formation which is mest typical is the B. 
oligostachya consocies. This consocies is much more closed and 
pure on the great level plateau farther east than it is near the moun- 
tains. It often covers as much as 60-70 per cent. of the surface, 
and is associated with very few primary or secondary species. In 
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the clay flats it often gives way to the Muhienbergia gracillima or 
Agropyron occidental consocies, and in passing to sandy or gravelly 
ridges it is often dominated by the Bouteloua hirsuta, Andropogon 
scoparius, or Koeleria cristata consocies. Even on the slopes or 
more level sandy areas it alternates with the Calamovilfa longi- 
folia consocies, and at times with the Andropogon jurcatus con- 
socies. Although these consocies dominate immense areas, they 
are not to be regarded as constituting distinct formations. Boute- 
loua oligostacyha is prominent everywhere and these are merely 
modifications of the Bouteloua formation, or in other words, con- 
socies of this formation. 

To discuss each aspect of this formation would take too much 
space, and some idea may be obtained by referring to the lists given 
earlier in this paper. 

There is a rather marked zonation in regions characterized by 
rolling or uneven ground. The hills and ridges are occupied by 
Bouteloua hirsuta. In this habitat there is a rather marked alternation 
with other consocies. Andropogon scoparius often becomes domi- 
nant, as does also Koeleria cristata. Here are also found a number 
of prominent societies, among which the most xerophytic is the 
Selaginella densa society. Sporobulus cryptandrus and Stipa comata 
may also become prominent. 

Occupying the sides cf the slopes and the level expanses is the 
extensive Bouteloua oligostachya consocies. Alternating with this is 
found the Andropogon furcatus and the Calamovilja longijolia con- 
socies. This alternation is often very marked, the consocies remain- 
ing distinct from each other. 

It is here that the most important societies of the formation are 
found, many of which extend for many miles without interruption. 
Among the most prominent of these societies is the Grindelia squar- 
rosa society, which extends for many miles east of Limon, Col., 
and occurs over less extensive areas in many other parts of the forma- 
tion. The Schedonnardus paniculatus society occurs throughout the 
formation and in many places is very extensive. Between Burlington, 
Col., and Goodland, Kans., the society extends for many miles. 
Thelesperma intermedium also occurs in this consocies. It is one 
of the most prominent societies in the formation and is especially 
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well developed just east of Colorado Springs. The Gutierrezia 
Sarothrae society occurs more often near the mountains and bluffs. 
Artemisia canadensis is also important in similar locations, while 
A. dracunculoides is most abundant farther out on the plains. Opun- 
tia polyacantha in most places merely forms small communities cr 
families, but in many places on the plains these become associated 
into an extensive society. This is especially true east and south 
of Fountain, Col. 0. arborescens is also found in this region and 
extends northward to within a few miles of Colorado Springs. 

Carex stenophylla, Senecio oblanceolatus, Sophora, sericea, Astra- 
galus Drummondii, Oreocarya suffruticosa, Eriogonum annuurn, 
Chrysopsis villosa, Boebera papposa, and Plantago Purshii each 
form extensive societies in this consocies. The following so cieties 
are not so extensive, but on account of the prominence of the plants 
characterizing them they are very noticeable: Ipomoea leptophylla, 
Yucca glauca, Lupinus argentens, Carduus plattensis, Eriogonum 
etfusum, Chrysothamnus graveolens, Senecio spartioides, Pentstemon 
angustijolius, P. secundiflorus, and Astragalus bisulcatus. 

Passing now to the lowlands, the Bouteloua oligostachya con- 
socies is found with very few primary or secondary species, and 
usually alternating with the Muhienbergia gracillima and the Agro- 
pyron occidentale consocies. These consocies are sometimes mixed, 
but as a rule remain distinct. Agropyron occidentale, a tall slender 
grass, is usually not associated with many other species, and the 
mats of Muhlenbergia gracillima also leave little space for the develop- 
ment of any but a few of the clay-loving annuals. Astragalus 
hisulcatus, Sophora sericea, Boebera papposa, Plan/ago Purshii, and 
Atriplex argenlea are among the most important secondary species 
of these consocies. 

UNIVERSITY OF MISSOURI, 
Columbia, Mo. 
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